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REMARKS UNDER 37 CFR S 1.111 

Formal Matters 

Claims 15-33 are pending after entry of the amendments set forth herein. 

Claims 1-14 were examined. Claims 1-14 were rejected. Claims 1-14 have been canceled, 
without prejudice, above, and new claims 15-33 have been submitted. Additionally, a substitute 
specification (including a marked up version of the specification) and a Request for Approval of 
Proposed Drawing changes are being filed concurrently herewith. 

Applicants respectfully request reconsideration of the application in view of the amendments and 
remarks made herein. 

No new matter has been added. 

The Office Action 

In the Official Action of April 2, 2003, the Examiner objected to the listing of application 
numbers of other inventions in the specification. In response thereto, Applicant is submitting a 
substitute specification herewith that removes such application number listings. Accordingly, the 
Examiner is respectfully requested to reconsider and withdraw this ground of rejection as being no 
longer applicable. 

Claims 1-14 were rejected under 35 U.S.C. Section 1 12, second paragraph as being narrative in 
form. In view of the above cancellation of claims 1-14, the Examiner is respectfully requested to 
reconsider and withdraw this ground of rejection as being moot. 

The specification was objected to as being of improper format and language. In view of the 
substitute specification submitted herewith, the Examiner is respectfully requested to reconsider and 
withdraw this ground of rejection as being no longer appropriate. 

Claims 1-14 were rejected under 35 U.S.C, Section 101, as being inoperative and lacking utility. 
In view of the above cancellation of claims 1-14, the Examiner is respectfully requested to reconsider 
and withdraw this ground of rejection as being moot. 

Claims 1-14 were rejected under 35 U.S.C. Section 103 as being unpatentable over Holland et al. 

(U.S. Patent No. 5,721,685) in view of Malone (U.S. Patent No. 5,549,412). In view of the above 

cancellation of claims 1-14, the Examiner is respectfully requested to reconsider and withdraw this 

ground of rejection as being moot. Further, with regard to new claims 15-33, it is respectfully submitted 
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that neither Holland et al. nor Malone, whether taken individually or in any proper combination, 
discloses or suggests a robotic, modular road repair machine comprising a movable vehicle having at 
least one slot defined by predetermined dimensions designed to receive a work module; at least one 
work module having predetermined dimensions adapted to fit within each said slot; means for 
roboticaily moving said at least one work module between a working position and an inoperative 
position; and means for controlling said means for roboticaily moving and for controlling actuation of 
said at least one work module. 

Nor does Holland et al. or Malone, whether taken individually or in any proper combination, 
disclose or suggest a system for efficiently repairing road surfaces, comprising a relatively large 
machine including a movable vehicle having multiple slots, each defined by predetermined dimensions 
designed to receive a work module; multiple work modules having predetermined dimensions adapted to 
fit within each said slot, and wherein at least one of said modules comprises a surveying module; means 
for roboticaily moving said work modules between a working position and an inoperative position; and 
means for controlling said means for roboticaily moving and for controlling actuation of said work 
modules; and a relatively small machine including a movable vehicle having at least one slot defined by 
predetermined dimensions matching said predetermined dimensions of said slots included in said 
relatively large machine; wherein said surveying module may be removed from said large machine and 
placed in said slot of said small machine to conduct surveying operations prior to road repair, and then 
removed from said small machine and replaced in a slot of said large machine for use during road repair 
operations. 

Nor does Holland et al or Malone, whether taken individually or in any proper combination, 
disclose or suggest a method of efficiently repairing a road surface, comprising the steps of providing an 
electronic map of regions of a road surface to be repaired to a controller on board a repair machine; 
providing multiple work modules in the repair machine, said work modules having various dedicated 
work functions; positioning the repair machine to optimize a number of work modules that may be 
actuated simultaneously to perform work functions along the road surface to be repaired; and roboticaily 
controlling the work modules to perform repair operations in accordance with the electronic map. 

Accordingly, it is respectfully submitted that claims 15-33 as presented, are allowable. 
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Conclusion 



A Power of Attorney is being submitted concurrently with this filing. 

Applicant submits that all of the claims are in condition for allowance, which action is requested. 
If the Examiner finds that a telephone conference would expedite the prosecution of this application, 
please telephone the undersigned at the number provided. 

The Commissioner is hereby authorized to charge any underpayment of fees associated with this 
communication, including any necessary fees for extensions of time, or credit any overpayment to 
Deposit Account No. 50-2653, order number ZURN-001. 



LAW OFFICE OF ALAN W. CANNON 
834 South Wolfe Road 
Sunnyvale, C A 94086 
Telephone: (408)736:3554 
Facsimile: (408) 736-3564 



Respectfully submitted, 

LAW OFFICE OF ALAN W. CANNON 





Registration No. 34,977 
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Utility Patent for a Modular, Robotic 
Road Repair Machine 

FIELD OF THE INVENTION 

[0001] The present invention relates to the field of machinery, and more 

particularly to machinery for repairing road surfaces. 
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In thi s s e ction I have roviowod US patents, displayed tho most technical or advanced techniques with 
respect to road surfaco repair patents and compared those patents to my patent. The differences b e tw ee n m y 
pat e nt and thos e pat e nts oomparod to will bo italicized. 
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Unit e d States Pat e nt 5,721,685 Holland, F e b. 24, 1998 
Digi track digital roadway and railway analyz e r 

Abstract 

A horizontal position and v e rtical e l e vation meaouromont apparatus and m e thod for measuring horizontal 
positioning and absolute el e vations of railways, pavod or unpavod roadways, and other travel surfaces. The 
apparatus is capable of det o rmining longitudinal and transv e rs e el e vation profiles in an X Y Z coordinato 
format usabl e with Geographical Information Systems (GIS) and Land Information Syst e ms (LIS) to proj e ct 
pr e s e nt and future traffic counts and traffic flow patt e rns. It can m e asur e the horizontal location and 
e l e vations of paved and unpav o d trav e l surfac e s, potholes, cracks, wh ee l ruts, e tc. within a trav e l surface, 
and th e horizontal location and el e vations of railway tracks wh e n conventional railroad high rail g e ar is 
us e d. The apparatus has Global Positioning Syst e m (GPS) signal r e ceiving units fix e d to e ach end of a 
s e nsor bar mount e d on a v e hicl e p e rp e ndicular to vehicle movement. Depending upon th e type of surface is 
being locat e d; th e sensor bar has a combination of non m e chanical sonic or infrared distance s e nsors placed 
across th e s e nsor bar betw ee n th e GPS signal r e ceiving units, which gath e r v e rtical elevation information. 
Concurr e nt with collection of information from the GPS units and th e distanc e sensors, a vid e o camera 
projects downward at th e trav e l surfac e and provides a visual referenc e of the surface conditions should 
coll e ct e d data e xc ee d pres e t rang e s. M e asur e m e nt intervals are us e r defin e d. Raw digital data is stor e d in an 
onboard comput e r syst e m. The data is later transferred to a r e mot e comput e r for post processing, analysis 
and g e neration of the final formatt e d e lectronic file by proprietary and copyright e d softwar e . 



Inv e ntors: Holland; Robert E. (2021 Art Mu se um Dr. #140, Jacksonvill e , FL 32207); Brown; Terry S. 
(1216 Cedar Tr ee La., Tampa, FL 33584); Flowers, Jr.; Roy T. (5035 Nola Ct., Jacksonvill e , FL 32210). 
Appl. No.: 496,541 
Fil e d: Jun. 29, 1995 



While my invention may use similar technology* within the radar/seismic module located in the lower slot of 
my machine, my invention includes much greater capability with respect to the complete repair of the road 
surface. The patent above only deals with the capability of determining longitudinal and transverse 
elevation profiles in an X Y Z coordinate, whereas my invention encompasses the total needs of repairing 
the road surface. My invention will analyze the road surface for defects, saw around the defects, dig out to 
cavity, fill in the cavity with asphalt or concrete, roll the asphalt and provide analysis of the quality of the 
repair. My invention is different because of the total needs of the road repair being accomplished by one 
machine. 



William Harrision Zurn 



Page 5 



Unit e d Stat e s Patent 5,556,226 Hohmann, Jr. Sopt. 17, 1996 
Automat e d, las e r aligned leveling apparatus 



Abstract 

Th e laser alignment system of apparatus for leveling flowablo material, in which two radiant energy b e am 
d e t e ctors mounted on opposite ends of an elongat e d leveling m e mber are responsive to a projected radiant 
en e rgy beam e stablishing a leveling plane, is modifi e d for oporation wh e n on e of the detectors is blocked 
from r e c e iving the projected radiant en e rgy bean by an obstruction such as a support column, equipm e nt or 
p e rsonn e l. Whereas each detector signal is normally used to generate a separat e adjustment signal for an 
adjustment d e vic e such as an hydraulic cylinder to raise or lower the associated end of the; elongated 
l e v e ling memb e r, whon one dot o crnr ir . HnrlrnH frnm m™»ri nc ^ rnriinnt energy b e am th e det e cto r 
e l e vation signal generated by the other, unblocked, detector is used to gen e rat e the adjustment signals for 
both ends of th e elongated lev e ling member. 



Inv e ntors: Hohmann, Jr.; Howard E. (Saxonburg, PA). Assignee: Garcovcur Corporation (Louisville, KY). 
Appl. No.: 391,200 
Fil e d: Feb. 21, 1995 



The invention above involves only* an alignment system of apparatus for leveling flowablc material; my 
machine will have an asphalt hopper/asphalt delivery * system to the asphalt filling module to apply the 
proper rate of material required to fill cavities. My machine will have the capability* of determining the 
"treatment swiftness", or the correct amount of material needed to fill each cavity*, which is usually 
measured as the weight of dry* material used per unit area covered Again, my machine will analyze the 
road surface for defects, saw around the defects, dig out the cavity, fill in the cavity with asphalt or 
concrete, roll the asphalt and provide analysis of the quality* of the repair. My* invention is different 
because of the total needs of the road repair being finished by one machine, not just one function 
(alignment system) covered by the patent above. 
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Unit e d States Pat e nt 5,549,1 12 Malon e , Aug. 27, 1996 

Position ref e r e ncing, m e asuring and paving m e thod and apparatus for a profiler and paver 



Abstract 

A profil e r is us e d to coll e ct data on a base surfac e . An asphalt paver is provided with a like profiler that 
m e asures smoothness of a fresh mat of asphalt laid by the paver. The profil e rs m e asure surface e levation as 
a function of forward trav e l position. The profilor and paver position are d e t e rmined by a fixed ref e rencing 
s yst e m, s uch as the Global Positioning System (GPS). Surfac e e l e vation is plott e d against position of the 
profiler and us e d to control a screed lev e ling a mat of paving mat e rial. A subsequent plot- shows smoothnos; 
of the mat. 



Inv e ntors: Malon e ; Kerry (Charl e ston, IL). Assignoo: Blaw Knox Construction Equipment Corporation 
(Matton, IL). 
Appl. No.: 119,075 

Fil e d: May 21, 1995 Intl. CI. : EPIC 19/22Curront U.S. CI.: 101/ 8 1.1; 104/81.2 Field of Search: 101/81.05, 
81.1,81.2,81.5, 11 8 



The patent above only addresses the profiler that measures smoothness of a fresh mat of asphalt laid by the 
paver and measures surface elevation as a function of forward travel position. My invention will include 
robotic modules that provide a similar type of function. My invention is different because of the total needs 
of the road repair being completed by one machine, not just the profiler that measures smoothness and 
measures surface elevation. 
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Unit e d Stat e s Patent 5,752,783 Malono, May 19, 1998 
Paver with radar scre e d control 



Abstract 



A paving apparatus is provid e d with a micropowor impulse radar d e vico conn e ct e d to control a lovolor. The 
level o r is a screed provided with actuators for adjusting screed olovation, slope, and extension. Tho radar 
s e ns e s a ref e r e nce, such as a string lin e , and oporatos the actuators to adjust the scre e d. 



Inventors: Malono; Kerry (Charleston, IL). Assignee: Dlaw Knox Construction Equipment Corporati i 
(Mattoon, IL). 
Appl. No.: 603,831 
Fil e d: F e b. 20, 1996 



The patent above only has the capability to provide a micropowor impulse radar device connected to 
control a levelcr. My machine will have the ability to use the asphalt/cement filling modules in conjunction 
with the radar/seismic module. My machine will be able to determine the characteristics of the craters t o 
be filled, distinguish cavity measurements, and packing levels. My invention is different because of the total 
needs of the road repair being completed by one machine, not just the function of the micropowcr impulse 
radar device connected to control a levelcr. 
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Unit e d States Pat e nt 5,362,176 Sovik, Nov. 8 , 199 4 
Road construction apparatus and methods 



Abstract 

Discloses methods and apparatus for uso with road construction oquipmont and apparatus:(such as, for 
e xample, pavers, road millers and cutt e rs, grad e rs, and th e like) including sensing apparatus for s e nsing and 
d e t e rmining a s e lected e dge of an e xisting pavem e nt structure and controlling th e road construction 
e quipment or apparatus (or an element of s uch e quipment or apparatus) in a d e sired manner with respect to 
such s e lect e d e dge. 



Inventors: Sovik; Robert A. (Clifton Park, NY). Assignee: A W - 2R, Inc. (Clifton Park, NY). 
Appl. No.: 3,003 
Fil e d: Jan. 11, 1993 



The invention above covers only the function of the methods and apparatus for use of sensing apparatus for 
sensing and determining a selected edge of an existing pavement A part of the process detailed in my 
patent describes the procedure of surveying the road surface, airport runway, parking lot, bridge, or area 
to be repaired. During this process the surxvy team will place reflective markers to be used by the machine 
during the analysis phase (II) and repair phase (HI). These reflective markers will be placed to allow 
optimum control & placement of the machine over the surfaces repaired during phases' two and three. 
The reflective markers will provide reference positions to allow the robotic modules to be precisely placed 
over the areas to be repaired. This process will determine the areas to be repaired and control the 
movement of the machine regarding the analysis and repair phases of the road repair. My invention is 
much more elaborate, complex and provides many multifacctcd functions within one machine. 
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United States Patent 5,294,210 Lomolson, Mar. 15, 199 4 
Automated potholo sensing and tilling apparatus 

Abstract 

Automated system for pothol e repair including apparatus mounted upon a vehicl e for dotocting the presence 
of a pothole and alerting and/or slowing and/or halting th e v e hicle responsive to such detection. Sensors 
m e asur e the siz e of th o pothole and/or monitor the filling of the pothole to automatically terminat e the 
filling operation wh e n completed. Th e sensor outputs ar e u s ed to d e t e rmine e ither l e vel of r e pair material or 
volum e th e r e of. Tho sensors and disp e nser (or disp e nsers) ar e automatically moved to th e d e sired location s . 
Th e fill e d cavity may bo compact e d and/or cur e d. Filler mat e rial may bo s e l e ctively delivered from one or 
mor e than on e disp e nsing nozzle 



Inv e ntors: L e melson; Jerom e (868 Tyner Way, Call Box 11 286, Incline Villag e , NV 89150). 
Appl. No.: 901,265 
Filed: Jun. 19, 1992 



This invention only provides a process to detect and fill potholes. My invention docs this with the 
asphalt/concrete filling modules. My invention encompasses the total needs of the road repair process, 
from analysis of the defects in the road surface to the complete repair of the road surface. 
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Unit e d Stat e s Pat e nt 4,216, 8 3 8 Dogra e v e , Aug. 12, 19 8 0 
Compacting apparatus for road surfacing mat e rial 

Abstract 

Apparatus for compacting or consolidating a strip of road surfacing mat e rial ess e ntially comprises a self 
prop e ll e d compacting machin e and a guide v e hicl e . Th e guide vehicle has a st ee rable wh ee l and a s e t of 
driv e wh ee ls. Th e compacting machine is guid e d for orbital mov e ment around th e guide vehicl e at a preset 
turning radius. Th e guid e v e hicl e may be s e lf propelled in which cas e it carri e s its own motor for driving its 
driving shaft. Pr e ferably the guid e v e hicl e i s driv e n for progr e ssiv e displacement along the strip of surfacing 
material in r e spons e to th e turning of a coupling bar, conn e cting th e compacting maohinewith th e guid e 
v e hicl e about its e nd for d e t e rmining the turning radius of the form e r. Th e coupling bar in turn rotatably 
driv e s th e driving shaft of the guide v e hicl e , which in turn drives th e driv e wh e els of th e guid e v e hicl e 
through a pow e r transmission. Th e guide vehicl e is provid e d with a ste e ring m e chanism controlled by a 
st ee ring control syst e m including a lat e ral position s e nsing devic e dispos e d on the compacting machin e 
which is conn e ct e d through an el e ctrically control circuit to operate an el e ctromagn e t, for e xampl e , for 
changing the position of th e st ee ring m e chanism from on e limit position to an oppos e d limit position onc e 
th e compacting machin e gets too close to an e dg e or th e strip being compacted. 



Inv e ntors: D e graev e ; Francois R. (Pont St o- Max e nc e , FR); Divay; R e ne G. (Nogent sur Oise, FR); 
L e coeur; J e an Pi e rre E. (Liancourt, FR). 

Appl. No.: 86 4 ,792 

Filed; Doc. 27, 1977 



This invention only provides for compacting or consolidating a strip of road surfacing material My 
invention has a module will be able to determine the characteristics of the craters to be filled, distinguish 
cavity measurements, and packing levels. My invention will also provide a combination of concrete and 
asphalt, the machine will be equipped with both a concrete filling module and an asphalt filling module, 
will be able to provide complete road surface repair. My invention will be able to pack and roll the 
asphalt in the cavities to be filled. My invention may use similar technology to the invention described 
above in my asphalt filling module. My invention is much more complex and provides many multifaceted 
functions within one machine. 
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United State s Patent 4,700,223 Shoutaro, Oct. 13, 19 8 7 
V ehiolo for evaluating prop e rti e s of road surfaces 

Abstract 

Th e invention provid e s a vehicle for evaluating the prop e rties of road surfaces wherein a road surfac e cross - 
s e ction profile evaluating means, a crack evaluating m e ans, and a road surfac e longitudinal profile 
e valuating m e ans ar e mount e d on a predetermined v e hicl e . Th e m e asuring intervals of tho?r e spectiv o moans 
can be controll e d in accordanc e with a signal from a single speedom e ter/rang e finder. Thr ee kinds of road 
surfac e prop e rty values which ar e match e d with e ach other can bo obtained. Even if the evaluation system 
( e valuation v e hicle) and the object system (road surfac e ) hav e a relative speed, the road surface property 
valu e s can b e accurately determin e d irrespective of the r e lativ e spe e d. Th e refor e , accurat e ; and reliable 
e valuation data can b e obtained, and th e v e hicl e can cop e with high speed and heavy traffic. 

Inventors: Shoutaro; Kato (Tokyo, JP); Tatsuhid e ; Nakan e (Tokyo, JP); T e tsuo; Ogiwara (Tokyo, 

&h 

Assign ee : Koku s ai Kogyo Co., Ltd. (Tokyo, JP). 

Appl.No.: 832,126 

F&xfc Feb. 21, 1986 



The invention above only makes available a technique of evaluating the road surface, my invention has a 
module, which provides a similar process and may use similar technology. My invention provides this 
capability, plus much more, meeting the needs of the complete road surface repair. 
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United States Patent 1,899,296 Khattalc, Fob. 6, 1990 
Pavomont distress survey system 

Abstract 



A pavomont inspection apparatus is described for inspecting the condition of a full lano of pavomont using a 
vehicl e capable of travoling along the lane at normal traffic speeds, such as 55 miles per hour. Th e 
apparatus is capable of determining the size and shapes of surface distress features ouch as longitudinal 
crack s , transvers e cracks, alligator cracks, design joints, and potholes. The apparatus has two video array 
cameras that project downward onto the pavomont with overlapping fields of view for generating X Y pixel 
data from at least a 12 foot lano width of highway pavomont as tho vehicle moves over the pavement. Th e 
cameras are mounted at acute angles with rospoct to oaoh other. The apparatus includes distress featu r e 
analysis olootronics for determining tho size, shape and location of surfac e distress features and evaluates 
such foaturos against prosct standard values to determine tho severity of tho dotorminod features. 
Additionally, tho apparatus has infrarod cameras for subsurface exploration. Subsurface pavomont features, 
such as, tho soil typo and moisture content distribution is dotorminod by the distortions in the surfaco 
t e mperature profile captured by the infrarod cameras. 

Khattalc: Anwar S. (612 S. Lincoln, Spokane, WA 9920 4 ). 

Appl.No.: 229,655 
File* Aug. 8 , 1988 



This invention only provides the capability for inspecting the condition of a full lane of pavement; m 
invention will have similar technology in the radar/seismic analysis module. Again, my machine is 
differentiated because of the entire needs of the road repair being done by one machine, not just the 
function of the micropowcr impulse radar device connected to control a levclcr. 
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Unit e d States Patent 5,075,772 Gobol, Doc. 21, 1991 

Method and an apparatus for tho surveying of road properties as to the? length of tho axis, th o width and tho 
h e ight or th e asc e nt 



Abstract 



A method and apparatus for tho purveying of road length, road width and hoight, and ascent and inclino of 
the road, wherein approximately equally spaced measuring marks are applied onto tho road surface along 
the axis of the road, which measuring marks are then approachod by a surveyor vehicle and the actual 
straight lino distance between tho measuring marks is exactly measured by a gauging syst e m provided on 
the surveyor vehicle. Tho measuring marks are scanned by video cameras measurably adjustable on X, Y 
tables or arc scanned by olectromagnotic sensors while tho position of tho video cameras or sensors on tho 
surveyor, which can exactly bo m e asured. For hoight measurem e nts, a vortical reference lin o is defined by 
means of perp e ndicular bars and laser devices and tho distance thereof rolativo to th o road surface is 
measur e d at locations, the positions of which can exactly be defined by the video cameras: The moaaui o d 
data ar e stor e d digitally and/or as monitor imag e s, on magn e tic tapes. - 



Inv e ntors: G e b e l; Hans Peter (Frankfurt, DE). 

Assigne e : Ing e nieurburo Dr. Ing. H. P. Gobol (Franlcfurt, DE). 

Appl. No.: 512,811 

Apr. 23, 1990 



-The 



invention above only provides a method of s untying of road length, road width and height, and ascent and 
incline of the road The process I have stated for my invention includes; sunny the road surface, airport 
rummy, parking lot, bridge, or area to be repaired Part of the process stated in my invention indicates the 
sunny team will place reflective markers to be used by the machine during the analysis phase (II) and 
repair phase (III). These reflective markers will be placed to allow optimum control & placement of th e 
machine over the surfaces repaired during phases' tow and three. The reflective markers will provide 
reference positions to allow the robotic modules to be precisely placed over the areas to be repaired. My 
invention will use a similar process of surveying the road surface, but my invention provides a total 
solution to the road repair. 
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Unit e d States Pat e nt 5,323,647 Blanco, Jun. 2 8 , 1994 

Apparatus and method for measuring hoight variations in a surface? 

Abstract 

Apparatus and method for m e asuring h e ight variations along a dir e ctional axis in a roadway surfac e from a 
v e hicle includes a first sensor for s e nsing a first distance from the first sensor to a first point on the surface 
and generating a first signal indicative of the first distance; a second sensor for sensing a s e cond distanco 
from th e se cond sensor to a s e cond point axially s e parated from the first point on the surface and generating 
a se cond signal indicative of the second distance; and a computer for receiving the first and s e cond signals 
and g e n e rating and recording a differenc e signal indicative of the difference in h e ight of th e first and second 
points, The first and second sensors are op e rat e d simultan e ously to compensat e for vortical motion of th e 
s e nsors with respect to th e surface 



Inv e ntors: Blanco; Rudy (Norman, OK). 

A s sign e e: Pav e Tech Inc. (Norman, OK). 

Appl. No.: 626 

F&Kk Jan. 5, 1993 



This invention only deals with an apparatus and method for measuring height variations along a 
directional axis in a roadway surface. My invention will include a process ofsuweying the road surface, 
airport runway, parking lot, bridge, or area to be repaired. During this process the survey team will place 
reflective markers to be used by the machine during the road surface analysis phase and the final phase of 
repairing the road surface. These reflective markers will be placed to allow optimum control placement 
of the machine over the surfaces repaired during phases' two and three. The reflective markers will 
provide reference positions to allow the robotic modules to be precisely placed over the areas to be 
repaired. My invention is much more intricate, complex and provides many multifacctcd functions within 
one machine. 
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Unit e d States Pat e nt 4,655,633 Som e ro, Apr. 7, 1987 

Scr ee ding apparatus and method 

Abstract 

A self prop e lled apparatus and m e thod ar e disclos e d for scr e eding plac e d and/or poured, uncured concr e te 
or like loos e , spr e adabl e materials without use of preposition e d guid e s or rails. Th e apparatus includes a 
fram e support e d on hydraulically driv e , st ee rabl e wh ee ls, a oantil e v e r e d boom mount e d on th e frame, and a 
hydraulically driv e n, auger typ e , vibratory scr ee d eith e r fix e dly mount e d or mount e d for mov e m e nt along 
th e boom to s pr e ad and smooth th e concret e as th e scr ee d is mov e d toward th e v e hicl e . Screed control 
m e ans ar e included for automatically adjusting th e e l e vation of the screed r e lativ e to a la s er b e acon 
r e f e r e nc e plan e position e d off th e apparatus such that th e finish e d h e ight of th e concr e t e or oth e r material is 
controll e d within clos e tol e ranc e s. Preferably, th e boom is rotatably mount e d on th e fram e and also may b e 
e xt e nd e d and retracted to properly position th e scre e d and eas e movem e nt of the v e hicle around fixed 
ob s tacl es . Th e boom may also b e pivoted v e rtically for scr ee ding slop e d surfac e s. Th e m e thod includ e s 
prop e lling th e v e hicl e through uncur e d concr e te or lik e mat e rial whil e scr ee ding b e hind th e v e hicle. Also 
e ncompass e d is th e m e thod of scre e ding by moving th e s cr ee d toward th e vehicl e at a controll e d rat e . 



Inv e ntors: Som e ro; David W. (Wh ee ler Rd., New Ipswich, NH 03071); Somero; Paul J. (Gibbs Rd., New 

Ipswich, NH 03071); Qu e nzi; Philip J. (Atlantic Mine, MI). 

A s sign e e: — Som e ro; David W. (N e w Ipswich, NH); Som e ro; Paul J. (New Ipswich, NH). - 
Appl.No.: 779,25 8 
Fiie& S e p. 23 , 19 8 5 



This invention only provides the capability for screed placement and/or poured, uncured concrete or like 
loose, spreadable materials. My invention will have asphalt and cement filling modules will be able to 
determine the characteristics of the craters to be filled, distinguish cavity measurements, and fill in the 
cavities. With respect to road surfaces of a combination of concrete and asphalt, my machine will be 
equipped with both a concrete filling module and an asphalt filling module. 
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United States Pat e nt 5,333,969 Blaha, Aug. 2, 199 4 
Automated pavcmont repair v e hicle 



Abstract 

An automated pavement r e pair vehicle inolndnn n vMrU nnH \tr im r jn m r ornp llt cr c o ntroll e d sub s yst e m:. 
The various subsystems, including a vacuum system, heating system and opray patch cyotokn, for complet i ng 
pav e m e nt repair, are locat e d on the frame and roar of the truck. A robotic coll at the rear of the truck 
includ e s an assembly of retractable doors. The doors are lowered around tho pothole to allow control of 
ambi e nt conditions during the pav e ment repair procedure. 

Inventors: Dlaha; James R. (028 Wesley Ave., Evanston, IL 60202); Underwood; Herbert N. (5322 N. 

McVickor Ave., Chicago, IL 60638); Salle; Ralph (21072 N. Lakosido Dr., Lyko Zurich, IL 

60047); Ralston; Ronald R. (620 Adolo, Elmhurst, IL 60126). 

Appl.No.: 31,506 
Filed- Mar. 19, 1993 



While this invention docs have sub sections for various repair needs, it is not as complex as my invention 
regarding sawing into the road surface, analysis of the defects in the road surface, a complex system of 
delivering asphalt or concrete to the filling modules, rolling the asphalt and then analyzing the cavity filled 
with respect to quality of repair. My machine is a much more complex instrument than this invention. 
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United Stat es Patent 1,557,626 McKay, Doc. 10, 19 8 5 

Road patching vehicl e 

Ab s tract 

A roadway surfac e patching vehicl e is described wh e r e in virtually all roadway patching proc e dures may b e 
p e rformed by a single operator within a control station of the v e hicle unit. Th e vehicl e inbludes a number 
roadway repair tools mount e d to a mov e able carriage on th e v e hicle fram e . This carriag e j is situat e d 
int e rm e diate the control station and th e front v e hicl e wh ee ls. Among th e op e rativ e tools ar e a cutter h e ad 
and a vacuum head adjac e nt to the cutter h e ad for r e c e iving and dir e cting loos e particulat e roadway surfac e 
mat e rial to a storag e hopp e r for subsequent r e bl e nding and r e us e . Th e vacuum h e ad may ;also be used to 
clean th e ar e a adjac e nt the repair following plac e m e nt and finish e d tamping and rolling o'f th e n e w r e pair 
materials. A tamping head is also mounted to th e carriag e for mov e m e nt th e r e with and a roll e r is mounted 
to the fram e for finishing th e r e pair to grad e . A spread flam e torch is provid e d on th e carriag e to h e at th e 
pr e par e d cavity, melt ic e , or dry the area in th e vicinity of th e cavity to facilitat e r e ception of the roadway 
r e pair material th e r e in. A tack coat spray nozzl e i s also situat e d to spray th e cavity wall s phot to r e c e ption 
of the r e pair material. All tool s may be mount e d to a turret on the carriag e to b e s electively rotat e d into 
vi e w prior to op e ration. All operations involv e d in preparing the cavity and aff e cting the r e pair may thus b e 
perform e d within full vi e w of th e op e rator station and by a singl e op e rator. 

Inv e ntors: McKay; Jack E. (Hayd e n Lak e , ID); Brown; Rob e rt E. (Hayden Lak e , ID). 

Assign ee : Road Renovators, Inc. (Hayd e n Lak e , ID). 

Appl. No.: 607,923 

F&*k May 07,1981 



My machine provides a greater number of functions as compared to this invention, my invention includes 
the technology required to analyze the roadway, airport runway, parking lot surface, etc., to be repaired 
for defects, faults, flaws, etc. My invention includes: sawing modules, drilling modules, asphalt/concrete 
filling modules, grinding modules to provide for the total needs of the road surface repair project. A major 
difference is the modular design of the repair robotic units; each module will be of the same size 
(approximately 4 feet by 6 feet by 4 feet), which permits the placement of any repair module into any slot of 
the lower level of the machine. Another factor is the capability of the central computer to recognize the 
location relationship of each module in the machine regardless of which slot in the lower level the module 
resides. This aspect gives the machine flexibility regarding altering the placement of the repair modules in 
the machine based on the changes required because of different road surface repair requirements. The 
modules will utilize technology that is already available, but must be rc - cnginccrcd to fit into the standard 
sized module slot in the lower level of the machine. 
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BACKGROUND OF THE INVENTION 

[0002] Road surface defects, including cracks, potholes, sub-surface 

imperfections and other road nuisances, linked with road surface? deficiencies, 
are experienced very frequently on highways, bridges and other paved surfaces 
such as airport runways or parking lots, especially where there isjan extreme 
traffic pattern over the surfaces. 

[0003] The center of attention regarding pavement engineering has changed 

from design and construction of new highways to preventive 
maintenance/treatment of the existing highways. A highway maintenance 

i 

project is typically established on a visual condition survey. Regrettably, by 
the time indicators of corrosion are visible, major treatment is commonly 
necessary. If the inception of deterioration can be detected, the problem can 
often be resolved through preventive maintenance. 

[0004] Th e traditional syst e m Traditional systems for renovating these road 

surfaces nec e ssitat e s necessitate a considerable quantity of labor-intensive 
activity to conduct the repairs r e pair thes e surfac e s . Even with this effort, the 
benefits of these repairs are sometimes short lived; the potholes, : cracks, etc., 
appear again within a short period of time. 

[0005] In addition to the problems of the road surface, motorists' spend billions 

of dollars each year for front-end alignments, shock absorbers, tire balancing, 
tires, etc. Furthermore, the traditional means of repairing roads are is 
overwhelming with respect to the amount of time the customary traffic patterns 
are interrupted. 
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[0006] What are needed are improved methods and machinery to more rapidly 

repair road conditions and with better quality, long lasting results. 



SUMMARY OF THE INVENTION 

The present invention is directed to robotic, modular machines, systems and methods for efficiently 
repairing road surfaces. 

A robotic, modular road repair machine is disclosed to include a movable vehicle having at least one slot 
defined by predetermined dimensions designed to receive a work module; at least one work module having 
predetermined dime nsions adapted to fit within each slot; means for roboticallv moving at least one work 
module b etween a working position and an inoperative position: and means for controllinglthe means for 
roboticallv moving and for controlling actuation of said the at least one work module. 1 

The road repair machine may further include a plurality of said slots and a plurality of work modules. 
wherein e ach said slot has the same predetermined dimensions and each work module has Substantially the 
same predetermined dimensions. I 

The work modules may be interchanged among various slots. The means for controlling keeps track of 
positions of the respective work modules for controlling actuation of the work modules and controlling 
movement of the work modules between working and inoperative positions. 

At least tw o of the work modules may have different functions. Various work modules may be employed, 
including radar/seismic module, sawing module, drilling module, asphalt filling module, level sensing 
module, s weeping module, tack coat module, concrete filling module, digging module, gririder module, 
rolling module, surveying module and crack and joint sealing module. 1 

A road repair machine as disclosed may further include a machine engine for driving movement of the road 
repair machine. ! 

Further, the road repair machine may include at least one hopper for containing a road repair material to be 
delivered to at least o ne of the modules for filling defects; and means for conveying the rep j air material from 
the at least one hopper to the at least one module. The at least one hopper may also be modular and may be 
interchanged among various locations in the machine. ; 

A liquid st orage tank may be provided in the machine for supplying liquid to at least one of the modules: 
and means for transporting the liquid between the liquid storage tank and the at least one module may be 
provided. 

A system for efficiently repairing road surfaces is disclosed to include a relatively large machine including a 
movable vehicle having multiple slots, each defined bv predetermined dimensions designed to receive a 
work module: multiple work modules having predetermined dimensions adapted to fit within each slot, and 
wherein at least one of the modules comprises a surveying module: means for roboticallv moving the work 
modules between a wo rking position and an inoperative position; and means for controlling the means for 
roboticallv moving and for controlling actuation of the work modules; and a relatively small machine 
including a movable vehicle having at least one slot defined bv predetermined dimensions matching the 
predetermined dimensions of the slots included in the relatively large machine: wherein the! surveying 
module ma y be removed from the large machine and placed in a slot of the small machine to conduct 
surveying operations prior to road repair, and then removed from the small machine and replaced in a slot 
of the large machine for use during road repair operations. 

A method of efficiently repairing a road surface is disclosed to include providing an electronic map of 
regions of a road surfa ce to be repaired to a controller on board a repair machine; providing multiple work 
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modules in the repair machine, said work modules having various dedicated work functions; positioning the 
repair mac hine to optimize a number of work modules that may be actuated simultaneously to perform work 
functions along the road surface to be repaired; and roboticallv controlling the work modiiles to perform 
repair operations in accordance with the electronic map. 

The work modules are received in slots in the repair machine, and may be interchanged to: optimize 
functioning of the machine. 

At least o ne of the modules may comprise a surveying module, such as a radar/seismic mokiule. and the 
surveying module may be placed in a second, smaller vehicle, and used therein to survey the road surface 
to be repaired prior to conducting repair operations with the repair machine having multiple work modules. 

The elect ronic map used by the repair machine having multiple work modules may be generated from 
readings taking during the surveying operation. ; 

At least on e hopper may be provided to contain road repair material and a transfer rate of the road repair 
material to at least one module may be controlled. : 

Further, m onitoring of the amount of road repair material remaining in at least one hopper [may be 
conducted, and estimates of time remaining until the at least one hopper needs to be refilled may be made. 

! 

The meth od may further include placing markers along the road surface to be repaired, prior to surveying 
and repair operations, wherein the markers provide reference points for both vehicles during operations. 

Work modules may be interchanged as to their slot positions to optimize simultaneous repair operations. 

My inv e ntion includes a sophisticated array of robotic modul e s to det e ct the types of probl e ms in a 
roadway, r e pair th e s e problems, as well as measure the amount of materials needed to mak e th e s e repairs. 

It is th e r e fore a primary obj e ct of this inv e ntion to provide a machin e that will drastically improve the 

I 

quality of road repairs. Th e invention also provid e s significant enhanc e ment over th e traditional m e thods, 
at significant savings in labor co s ts. 
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Th e inv e ntion also provid e s a method that can easily bo adapt e d to us e with various typ e s of highway s to 
diminish tho influ e nc e of th e r e pairs on th e traffic flow and enhance the health and saf e ty of th e traveling 
public. A major advantag e of this inv e ntion is the fact that on e individual can op e rate th e machin e , with this 
one p e rson controlling all asp e cts of th e machin e during the repair of th e road surfac e . 

Th e machine will r e pair roads much fast e r, less e xp e nsiv e ly, with superior quality than th e traditional 
methods us o d today, provid e additional saf e ty, and with very littl e disruption of traffic flow s . 

Th e apparent savings to be accomplish e d by us e of tho machin e are remarkabl e . The federal and stat e 
highway ag e nci e s can r e solv e immin e nt probl e ms with prev e ntiv e maint e nanc e at a fraction of th e cost of 
es tablish e d maint e nanc e or tr e atm e nt m e thods. 

The machin e can r e cognize pr e cis e ly which layers and sections n e c e ssitate r e pairs, avoiding costly 
s peculation. Th e machin e will h e lp th e maint e nanc e e ngin ee rs to differ e ntiate b e tw e en mor e 
straightforwardly maintainabl e road s e gm e nts and thos e that actually r e quir e mor e e xt e nsive tr e atm e nt. 
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The invention consists of a combination aGphalt/concr e te surfac e repair machine controll e d by a 
pr e dominant, c e ntraliz e d comput e r, and guided by a positioning devic e which uses advanc e d radar, las e r 
t e chnology to po s ition the machin e on th e roadbed. As improvem e nts in positioning apparatus and radar, 
laser and seismic analyzer technology becom e availabl e , th e y may b e incorporat e d into later 
mod e l s /module s of this invention. 

Th e invention incorporat e s thr ee phas e s or processes: 

Phase I 

Survey the road surface, airport runway, parking lot, bridg e , or ar e a to bo repair e d. During this proc e ss the 
survey team will place r e fl e ctive markers to b e us e d by the machin e during th e analysis phhse (II) and r e pair 
phas e (III). Th e s e refl e ctiv e mark e rs will b e plac e d to allow optimum control & plac e m e nt of th e machine 
ov e r th e surfac e s repair e d during phases' two and thr e e. Th e refl e ctiv e mark e rs will provide reference 
positions to allow th e robotic modules to b e pr e cis e ly plac e d over the ar e as to b e r e paired. 

Phase II 

Th e analysis phas e consists of using th e lat e st radar, or seismic analyzer t e chnology ( e ach on e of th e se 
technologi e s could b e plac e d in a s e parat e modul e d e p e nding on th e t e chnology or ne e d) to collect data 
with r es pect to the def e cts (3 dim e nsional vi e w) in the road surfac e , airport runway, parkirig lot, or ar e a to 
b e repair e d. ' 

During this phas e , th e machin e will det e rmine th e longitudinal and transverse e levation contour of the road 

l 

surfac e to b e r e pair e d in an X Y Z e quival e nt format. This format will be in accord with technology such 
as: G e ographical Information Systems (GIS) or Land Information Syst e ms (LIS). 

Th e purpos e of th e phas e (II) is to profil e th e requirem e nts of th e distinctiv e repair undertaking. The 

modular d e sign of th e robotic sub syst e m allows thi s . Det e rmin e d by th e varying n e c e ssities, the 

i 

radar/s e ismic d e t e ction modul e can be used in this second phas e , removed and then placed in a slot in th e 
low e r l e v e l of th e machin e to bo us e d in th e n e xt phase (III). 
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Clarifying this point, a Iogg exp e nse? vohiol e , with only th e modular radar/seismic unit insid e it, can bo used 
during phase two to sav e costs. On e obj e ctiv e of the radar/seismic d e t e ction phaso of tho repair is to 
complet e ly evaluat e th e characteristics of surface and subsurfac e situation data collect e d, this will allow 
e nhanced analysis compar e d to th e long -e stablished methods of visual assessment 

Th e radar/s e ismic modulo is ne e d e d during pha se two with r e sp e ct to det e rmining th e charact e ristics of tho 
repair work requir e d. 

Th e data coll e ct e d from this analysis phas e is stor e d in a databas e to b e used during the r e pair phas e (III). 
Additionally, the ar e a to be repair e d is subdivided into v e ry small dim e nsions, i. e ., one square inch 
horizontally, plus, up to thr e e feot v e rtically (d e p e nding upon th e t e chnology available). 1 

! 

This proc e ss will allow th e machin e u se d during th e repair phas e to accurat e ly repair th e surfac e to a very 
fin e detail. Analysis of the road surfac e will consist of discovering many types of d e f e cts, including: cracks, 
ind e nted r e gions, protrusions, potholes, etc. ! 

Th e modul e containing the latest radar, s e ismic analyzer t e chnology us e d during phas e two, which collects 
th e data, is construct e d such (modulariz e d) that it can b e remov e d from th e v e hicle us e d injphas e two and 
b e plac e d in th e repair machin e usod in phaso throo. 
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Ph a s e III 

B e tw ee n phas e II and phase HI, the data stor e d during analysis phas e (II), is r e vi e w e d by the decision 
mak e r s , e .g., civil e ngin e ers, mat e rial sci e ntists, e tc., a s to how sev e r e th e road surfac e defect's are. They 
will th e n analyze and diagram th e proposed solution. Th e d e cision mak e rs will map out, that is, diagram 
th e r e gions in n ee d of r e pair. This diagram (comput e r program) will b e us e d to instruct or, guid e th e central 
comput e r (repair machine CPU) us e d during th e r e pair pha s e (HI), as to how to r e pair th e ; surfac e containing 
d e f e cts. Th e deci s ion makers will d e t e rmine: how deep to e xtract th e op e nings, how wid e jto saw, what 
mat e rial to us e , eta, with resp e ct to e very section of the surfac e ne e ding r e pair. 

Thi s inv e ntion, th e machine b e ing used in th e reconstruction and maint e nanc e of the roadlsurfac e , will 
contain modulariz e d, computeriz e d, robotics instrum e nts that will bo capabl e of th e following: 

Grinding 

Grooving ; 
Leveling 

Sawing into d e fectiv e segm e nts 

Jack hammering to br e ak s urface material 

Compr e ssion hammer to compact mat e rial (asphalt) 

Drilling and into th e def e ctive s e gm e nt 

Filling th e caviti e s with asphalt & concr e t e 

Rolling th e asphalt mat e rial 

In addition, th e machin e will b e abl e to r e mov e concrete or asphalt from th e d e f e ctive s e gm e nts by us e of a 
backho e typ e d e vic e and vacuum syst e m. 

Al s o the machin e will b e abl e to plac e r e inforcing rods (cut to r e quir e d l e ngth's by th e associat e d module) 
and/or r e inforcing s cr ee ns into the s e gm e nt to b e repaired. This inv e ntion will b e abl e to fill th e d e f e ctive 
segments with concr e t e or asphalt. The machin e will be abl e to r e pair bumps & wav e s by scarifying & 

r e compacting surfac e s. Holes & depr e s s ions that occur in th e e xisting surfac e will also be corr e ct e d before 

I 

r e surfacing or prior to th e placing of a l e v e ling cours e . Th e machin e will r e pair spall e d, s cal e d & map 

cracked surfaces. The machin e will hav e a bump cutter robotic s modul e for work r e quiring that purpose. 

i 

Th e machin e will be abl e to plac e cracks e al mat e rial, p e tromat fabric or place doubl e chip s e al over th e 
e ntir e ar e a und e r r e pair. 
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On e c e ntral computer will control all of thoso activiti e s; the actiono of tho machines will be jporformod based 

i 

on information collected during phase II. Tho c e ntral comput e r will oxocuto the program, based on inputs 
from the decision makers (repair surface area mapp e d out), to schedule th e work among thb various 
modul es , prioritiz e th e processes, and turn over control to th e modul e s to finish th e tasks assigned. For 

i 

e xample, with r e spect to a s e ction of road 1/2 mile long, tho machine may be assign e d over 50 different 
tasks; tho c e ntral comput e r will determine th o most efficient schedule algorithms to complet e tho tasks in 
th e most effici e nt tim e frame. [ 

For exampl e , tho machine may have thr e e modul e s working ind e p e ndently on three diff e r e nt jobs, such as, 
on e modul o is sawing, one modulo is drilling, and one of th o modul e s is filling a segment with asphalt. In 
this cas e , this is only possible if tho machine is in a location such that each module's robotics arm can roach 
th e task sit e th e y are assign e d to. Oth e rwise, tho c e ntral comput e r controlling the machine Imust sch e dule 
on e task and th e n move th e machine to th o n e xt location. • 

Each of tho functions described above will bo built by m o ans of obtainabl e , existing hardware and will b o 
customized into individual, self contain e d, standard sized, easily r e movable, e asily servic e abl e modules 

i 

Each of th o s e modules wall be of exactly tho same dimensions. This allows tho interchang e of tho modules 
into differ e nt slots of tho low e r lovol of the instrument to permit th e machino to flexibly m e 'et various road 
surfac e repair roquirom o nts. 

Th e modul o r e mov e d from th e vehicle used in phas e two can (if th e customor chooses) bo rj e movod from tho 
analysis vehicle and placed in the repair machino (during phase III) to be usod to d e termine if th e individual 
road segments hav e been adequately r e pair e d. A v e ry important asp e ct of this inv e ntion is jthe ability to 
plac e different typos of modules in the machino for repairing road surfaces r e quiring diff e rent typos of 
modul e s or diff e rent typ e s of asphalt and concrete blonds. 

i 

Regardl e ss of th e location of a specific repair modul e , th e central computer will know tho modules location 
in the lower l e vel, if tho modulo is removed and place in a diff e r e nt slot; th e c e ntral comput e r will b o 
knowl e dg e abl e of this. A standard siz e modulo space will allow modules to b e moved to any slot in tho 
lower section of tho machin e . Tho sizo of machin e s will vary regarding th e number of slots| for modul e s, 
som e large scal e machines will contain slots for 11 modules, and small v e rsions will contaiji only 6 
modul e s. With more compl e x repair projects, that is, a proj o ct n e eding concr e t e repair, asphalt, replacing 
st e el rods, e tc., largo machines with moro modules will b e r e quired. 
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Additionally, all of th e robotic modules described abov e will b e located on the lower l e v e l of th e machine 

! 

th e upp e r lev e l will contain the hoppers need e d to hold th e concret e , asphalt mix, liquid s torag e tanks, etc. 
Also a hopper can bo us e d to coll e ct debris r e mov e d during the repair, « 

Betw ee n th e upper lev e l (hoppers, storage tanks) and th e lower lev e l modular housing structures (sawing 
d e vic e s, compr e ssion hammers, etc.), there will b e a conduit type area that will contain CPU busses to the 
modules, air lin o s, pow e r lin e s, etc. This section will also contain th e transport m e chanism to move the 
asphalt/concrete to th e filling modules. Th e hopp e rs will also be modular, to allow different configurations 
bas e d on customers' n ee ds. I 

The front of the machin e will contain th e power ( e ngin e pow e r and to pow e r th e all of th e robotic repair 
modul e s) unit, and th e r e ar of th e machin e will contain the central computer. 

Th e dimensions of som e types of the repair machine will b e such that no special permits dro r e quired; that 
is, it can b e transported on any public highway, str e et, e tc. Larger machin e s may need sp e cial p e rmits to 
transport th e m on th e highways. Th e machine is capable of b e ing attach e d to and towed fry anoth e r faster 
v e hicl e (i.e., truck) if n e cessary, when being transported betw e en road r e pair proj e cts. Th e machine is a 
course plotting, wheel e d, portable v e hicle, which is a self determining, repair m e chanism; controlled by a 
c e ntral comput e r. 

Th e machin e is capabl e of moving & positioning its e lf, without th e n e ed for ext e rnal pow e r. The machine 
not only positions it s elf, but also analytically adjusts th e positioning of each of th e separate robotic modules 
ov e r th e ar e as to be repair e d. This f e ature p e rmits tho machin e to perform mor e than on e ;function at a tim e , 
possibly thr ee or more functions at onc e , d e p e nding on the proximity of the robotic arms and tho area to b o 
r e pair e d. Th e multi task comput e r determines wh e th e r this is achievable or not. Th e machm e has hopp e rs, 
in which th e asphalt/cem e nt is load e d periodically as r e quired. Tho devic e uses advanc e d radar, s e ismic 
technology to analyze th e road surfac e with r e sp e ct to the d e fects in n ee d of repair. This analysis includes 
irr e gularities, bumps, cracks, voids, and caviti e s. 
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BRIEF DESCRIPTION OF THE F I GURES DRAWINGS 

[0002] Fig. 1 is a schematic illustration of the placement of reflective markers along a road 

surface to be used as reference points by the present invention. 
[0003] Vx&JL is a schematic illustration of a small vehicle using a radar/seismic detection 

system module to analyze and record the defects in the road surface to be repaired. 

[0004] Fig. 3 is a side, schematic view of a road repair machine according to the present 

! 

invention. 

r 

[0005] Fig. 4 is a top, schematic view of a road repair machine according to! the present 

invention. 

[0006] Fig. 5 is a schematic representation of a road repair machine performing repair 

operations according to the present invention. ! 

j 

Fig A, Highway with Markers 

; 

During phase on e a survey team will survey tho road surfac e , airport runway, parking lot, bridg e , or aroa to 
b e r e paired. During this proc e ss the surv e y t e am will place r e fl e ctive markers (1) to be us d d by th e machin e 
to guide and position itself during the analysi s phase two and r e pair phas e throe. Th e reflective mak e rs ar e 
plac e d on th e highway boundaries (2). These r e flective markers will bo plac e d to allow optimum control & 
placement of the machine ov e r the surfaces analyz e d/repair e d during phases' two and throb. Tho rofloctivo 
mark e rs will provide r e f e renco positions to allow tho robotic modul e s to bo precisely plac e d ov e r th e ar o a s 
to b e repaired. 

Fig B, Analysis Phase Two 

During phas e two, a small vehicle (4), is using th e radar/s e ismic dotoction system modulo (5), positioned 
ov e r a pothol e (3) to analyz e and r e cord tho d e f e cts in th o road surface to be r e paired. Th o jsigo, depth, 
location, e tc. of th e def e ct will bo stored in th e modules' comput e r. This information will be u s ed later 
during phas e thr ee for the actual r e pair of th e pothole. Th e radar/o e ismio detection system modulo (5) can 
also b e plac e d in a slot in the larger vehicle and us e d to analyze tho road surface during and aft e r r e pair of 

! 

th e surface. The wh o ols of the small v e hicle arc (12). 
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Fig G, Side View of the Machine 

j 

This figure shows the sid e vi e w of th e machin e (11), with it's various hopp e ro (8 & 10), tank (9) us e d to 
stor e mat e rial us e d during th e r e pair. This figur e also shows r e pair modules (14, 15, 6, ljl, 13, 19) used 
during the r e pair of the road surface. — Also shown is th e machin e engin e (7) and c e ntral| comput e r (21). 
Th e wheels for th e machin e are indicated (12). 
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Fig D, Top View of th e Machine 

Figur e four show s th e top view of th e low e r l e vel of the machin e . The machine pow e r system is located (7) 
at th e front of th e machin e and the c e ntral comput e r (21) is located at th e r e ar of th e macriin e . Th e conduit 
ar e a (22) conn e cting th e c e ntral comput e r and control to th e hopp e rs, tank and modules is indicated. This 
conduit ar e a (22) also contains th e various convey e r syst e ms for moving th e asphalt/conc e rt material to th e 
filling modul e s. The various r e pair modul e s 16, 17, 18, 20, 1 1, 19, 14, 15, 6, 13 ar e designat e d in th e fig 4 . 
Th e c e ntral computer (14) and engine (7) ar e locat e d in the front and r e ar of the machine. ! 

i 

j 

Fig E, The Machine Performing Repair Operations j 

Figure fiv e shows th e machine performing r e pair operations. The sawing modul e s (14) ar e sawing into the 
asphalt over two pothol e s (3) simultan e ously. Th e asphalt filling modul e (6) is filling the;pothol e (3) below 
it s module. The modul e s hav e be e n mov e d outsid e of th e main structure by robotic arms to perform these 
operations as indicat e d by the double arrows. Mo s t repair modul e s are at th e ir non op e rational position 
(23) and not us e d at th e time. \ 
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DETAILED DESCRIPTION OF THE INVENTION 

[0007] The present invention is directed to a combination asphalt/concrete surface repair 

machine controlled by a predominant, centralized computer, and guided by aipositioning 
device which uses advanced radar, laser technology to position the machine on the roadbed. 
As improvements in positioning apparatus and radar, laser and seismic analyzer technology 

become available, they may be incorporated into later models/modules of this invention. 

j 

[0008] The invention incorporates three phases or processes: ■ 

Phase I ! 

[0009] During phase one a survey team surveys the road surface, airport runway, parking lot, 

bridge, or area to be repaired. The survey team places reflective markers 1 to! be used by the 
machine to guide and position itself during the analysis phase (Phase II) and repair phase 



(Phase HI). Reflective makers 1 may be placed on the highway boundaries 2, for example. 

i 

Reflective markers 1 are placed to allow optimum control & placement of the machine over the 
surfaces analyzed/repaired during Phases II and III. Reflective markers 1 prbvide reference 
positions to allow the robotic modules of the present invention to be precisely placed over the 
areas to be repaired. ! 

i 

Phase II 

[0010] During phase two, a small vehicle 4, uses radar/seismic detection system module 5 to 

collect data with respect to defects in the road surface. Fig. 2 shows vehicle j located to 

i 

position radar/seismic detection system module 5 over a pothole 3 to analvzeiand record the 

. i 

characteristics of the pothole 3. The size, depth, location, etc. of the defect will be stored in the 
modules' computer. The stored data may be used for analysis and then for the actual repair of 
the pothole. Radar/seismic detection system module 5 can also be placed in aislot in a larger 
vehicle and used to analyze the road surface during and after repair of the surface. The wheels 

of small vehicle 4 are shown at 12. The analysis phase uses radar or seismic analyzer 

i 

technology, or the like (each one of these technologies could be placed in a separate module 
depending on the technology or need) to collect data with respect to the defects in the road 
surface, airport runway, parking lot, or area to be repaired, and provides a three dimensional 
view of the defects. 

[0011] During this phase, the longitudinal and transverse elevation contour 'of the road 

i 

surface to be repaired is determined and set in an X-Y-Z equivalent format. This format may 

i 

be consistent with technology such as: Geographical Information Systems (GIS) or Land 
Information Systems (LIS), for example. 
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[0012] Phase II is conducted to profile the requirements of the distinctive repair undertaking. 

The modular design of the robotic sub-system allows this. Determined by thel varying 
necessities, radar/seismic detection module 5 may be used in Phase II, and then removed and 
placed in a slot in the lower level of the machine to be used in Phase III. This functionality 
allows for a less expensive vehicle (e.g.. the smaller vehicle 4 shown in Fig. 2!) to be used 

i 

during Phase II. with only the modular radar/seismic unit 5 inside it. This savies time and 
expense which would otherwise require the larger, full scale machine with repair modules to be 
used during Phase II. One objective of the radar/seismic detection phase of the repair is to 
completely evaluate the characteristics of surface and subsurface situation datk collected, which 
allows enhanced analysis compared to the long-established methods of visual assessment. 



[0013] Hence radar/seismic module 5 is used during Phase II to carry out a Recordation of the 

characteristics of the repair work required. The data collected during this phase is stored in a 



database to be used during the repair phase (Phase IIP. Additionally, the area to be repaired is 
subdivided into very small dimensions, e.g., one square inch horizontally, plus, up to three feet 



vertically (depending upon the technology available). These techniques allow the machine 

j 

used during the repair phase to accurately repair the surface to a very fine detail. Analysis of 

the road surface often encounters various types of defects, including: cracks, indented regions. 

i 

protrusions, potholes, etc. 

[0014] Module 5 is constructed such (modularized) that it can be removed from the main 

t 

repair vehicle 1 1 and used in Phase II in a light duty vehicle 4. After completion of Phase II, 
module 5 may then be removed from vehicle 4 and replaced in vehicle 1 1 forluse during the 
repairs in Phase III. ! 



Phase III 

Between phase II and phase HI. the data stored during analysis (Phase ID. is reviewed by decision makers, 
e.g., civil engineers, material scientists, etc., as to how severe the road surface defects are.lOne or more 
decision makers then analyze and diagram a proposed solution. The proposed solution includes a map or 
diagram of the regions of the road surface in need of repair. This map or diagram (computer program) is 



used to instruct or guide the central computer 2 1 (repair machine 1 1 CPU 21) used during the repair phase 



(Phase III), as to how to repair the surface containing defects. One or more of the decision? makers 
determine instructions which may include how deep to extract the openings, how wide to $aw. what material 
to use, etc., with respect to every section of the surface needing repair. ! 
Main repair vehicle 1 1 contains modularized, computerized, robotics instruments capable bf performing 
operations that may include any or all of the following: grinding, grooving, leveling, sawing into defective 
segments, jack hammering to break surface material, compression hammer to compact material (e.g.. 
asphalt), drilling into a defective segment, filling cavities with asphalt and/or concrete, and rolling of 
asphalt material. Additionally, main repair vehicle 1 1 is capable of removing concrete and/or asphalt from 
the defective segments by use of a backhoe type device and vacuum system. Further, main repair vehicle 1 1 
is capable of placing reinforcing rods (cut to required lengths according to the diagram or map, bv the 
associated module) and/or reinforcing screens into a segment to be repaired. The defective segments are 
filled with concrete or asphalt. Main repair vehicle 1 1 repairs bumps and waves bv scarifying and re- 
compacting the surfaces to level the locations where the bumps and/or waves had existed prior to scarifying. 
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Holes and depressions that occur in the existing surface are also corrected before resurfacing or prior to the 
placing of a leveling course. Main repair vehicle 1 1 also repairs spalled, scaled & map-cracked surfaces. 
Vehicle 1 1 may include a bump-cutter robotics module for work requiring that purpose. Further, main 
repair vehicle 1 1 may place crackseal material, petromat fabric, or double chip seal over the entire area 
under repair. 

Central computer 21 is provided to control all of the above-described activities. The actions performed bv 
the modules in main repair vehicle 1 1 are performed based on information collected during Phase II. 
Central computer 2 1 executes the mapping/diagram/analysis program, based on inputs from the decision 
makers (repair surface area mapped out), to schedule the work among the various modules, prioritize the 
processes, and turn over control to the modules to finish the tasks assigned. For example! with respect to a 
section of road 1/2 mile long, the machine may be assigned over fifty different tasks. j 
Central computer 21 determines the most efficient schedule algorithms to complete the tasks in the most 

efficient timeframe. For example, main repair vehicle 1 1 may have three modules workirig independently 

on three different jobs, such as, one module is sawing, one module is drilling, and one of Ithe modules is 

filling a segment with asphalt. In this case, this is only possible if the machine is in a location such that each 



module's robotics arm can reach the task site they are assigned to. Otherwise, central computer 21 must 



schedule one task and then move the machine to the next location. 
Each of the modules for performing the functions described above are built bv means of obtainable, existing 



hardware and will be customized into individual, self-contained, standard sized, easily removable, easily 

i 

serviceable modules. Each of these modules are generally built to have the same dimensions, to allow 
interchangeabilitv in the different slots. This interchangeabilitv of the modules into different slots of the 
lower level of the instrument permits main repair vehicle 1 1 to flexibly meet various road' surface repair 
requirements. 

Module 5 may be removed from vehicle 4 after completion of Phase II (if the customer chooses) and be 

i 

placed in main repair vehicle 1 1 to perform Phase HI ) to be used to determine if the individual road 
segments have been adequately repaired. A very important aspect of this invention is the ability to place 



different types of modules in the machine for repairing road surfaces requiring different types of modules or 
different types of asphalt and concrete blends. 

Regardless of the location of a specific repair module, central computer 21 keeps a record of the current 
locations and identifications of the modules in the lower level, even when a module is removed and placed 

in a different slot. By providing a standard size for the module slots, modules may be mo'ved and 

i 

interchanged to any slot in the lower section of the machine 1 1 . The size of machines 1 1 will vary 
regarding the number of slots for modules, some large-scale machines 1 1 will contain slots for fourteen 

modules, for example, and smaller versions may contain only 6 modules. However, the present invention is 

i 

not to be limited only to main repair vehicles having six slots or fourteen slots, as other variations having 
different numbers other than six or fourteen may be designed in accordance with the principles described 
herein. With more complex repair projects, that is, a project needing concrete repair, asphalt, replacing 



steel rods, etc., larger machines with more modules may be required. 

[0015] Additionally, all of the robotic modules described will be located on the lower level of 

the machine 1 1 (see Fig. 3), whether currently operational or non-operational (see Fig. 5). The 
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upper level of machine 1 1 contains the hoppers needed to hold the concrete, 4sphalt mix, liquid 
storage tanks, etc. Also a hopper can be used to collect debris removed during the repair. 



Between the upper level (hoppers, storage tanks) and the lower level modular housing structures (sawing 



devices, compression hammers, etc.), there is a conduit type area22 that contains CPU busses to the 
modules, air lines, power lines, etc. (see Fig. 4) Conduit area 22 connecting the central computer 21 and 
control to the hoppers, tank and modules also contains the various conveyer systems for moving the 



asphalt/concert material to the filling modules. Various repair modules 16, 17, 18, 20, 11, 



19,14,15, 6,13 



are also designated in Fig 4. The hoppers may also be modular, to allow different configurations based on 

i 

customers' needs. \ 

The front of the machine 1 1 contains the power 7 (engine power and to power the all of tile robotic repair 
modules) unit, and the rear of the machine 1 1 contains the central computer 21 . j 
The dimensions of some types of the repair machine 1 1 will be such that no special permits are required: 
that is, it can be transported on any public highway, street, etc. Larger machines 1 1 may need special 
permits to transport them on the highways. The machine 1 1 is capable of being attached to and towed by 
another faster vehicle (i.e., truck) if necessary, when being transported between road repair projects. The 
machine 11 is a course-plotting, wheeled, portable vehicle, which is a self-determining, repair mechanism 
controlled by a central computer 2 1 . j 
The machine 1 1 is capable of moving and positioning itself, without the need for external Ipower. The 
machine 1 1 not only positions itself, but also analytically adjusts the positioning of each of the separate 
robotic modules over the areas to be repaired. This feature permits the machine to perforin more than one 
function at a time, possibly three or more functions at once (e.g., see Fig. 5), depending on the proximity of 
the robotic arms and the area to be repaired. The multi-task computer 21 determines whether this is 
achievable or not. The machine 1 1 has hoppers, in which the asphalt/cement is loaded periodically as 
required. The machine uses advanced radar, seismic technology module 5 to analyze the road surface with 
respect to the defects in need of repair. This analysis includes irregularities, bumps, cracks, voids, and 
cavities. ! 

The Machine's Central Computer 

i 

Central computer 21 Th e powerful c e ntral comput e r syst e m will may be be purchased off the shelf, from 
currently existing computer suppliers, or s e lf (if possibl e ) or may be designed specifically ifor the road 
repair machine 1 1 by engineers and scientists as an instrument for performing the technical tasks and 

computational problem solving algorithms required by the road repair machine 1_L Preferably, central 

j 

computer is designed The prefer e nc e would be for a d e sign based on existing, off-the- shel'fe elf hardware 
components, standard interfaces and peripherals, and combined with an advanced version jof a multi-tasking 
operating system. Central computer 21 Th e pow e rful c e ntral comput e r syst e m must be able to support a 

variety of application programs concurrently running on auxiliary robotic repair module processors. 

i 

Central computer 21 provides With this comput e r, th e road repair machine 1 1 with will hav e dedicated 

i 

compute power close to the modules required for the various road repair activities desiredj Using the 
abilities of a multitasking operating system, centralthis computer 21 g ives the machine 1 1 Ithe capability the 
opportunity to run application programs on more than one repair module at a time. Central The c e ntral 
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computer 21 organizes will organiz e the jobs to be performed in a sequence so as to alio Wj the machine J_l to 
optimize th e mov e m e nt of th e repair machin e movements to reduce any unnecessary passage , thereby 
minimizing the time required to complete the total repair . Computer 21 Th e computer needs to b e able to 
run runs software programs effectively and efficiently. In m ee ting this n e ed, system s oftware b e com e s th e 

i 

k e y factor with r e sp e ct to th e c e ntral comput e r. From the machin e 's vi e wpoint, syst e m System software 
and interface hardware both need to be seamlessly distributed from the computer, Fortunktely, the multi- 
tasking operating system makes this possible. 

The multi-tasking operating system of computer 21 may include any includ e s must hav e these featur e s: 1 — 
A stable, reliable and inexpensive operating system for running application programs. The operating 
system is also adaptable and modifiable for 2 — A s table, r e liabl e and in e xp e nsiv e operating syst e m for 



developing application programs used to operate the modules in the processes referred to 



above. The 



operating system smoothly interfaces with t3 — Easily int e rfaces with the current and planned robotic module 

i 

hardware designs with fast busses or wireless communication. i 

i 

In addition, the multi-tasking operating system mu s t accommodate accommodates software programs and 
tools to help with development of software applications. Included are the 'C, 'C++' Fortran, ADA and 
Pascal compilers, many library routines, and networking software to allow users to share resources and data. 
These are important in meeting all robotic module software needs used in conjunction with the central 
computer 2 1 . The same type of central computer 2 1 used in the road repair machine 1 1 may be will b e used 
to develop application programs off-line. 

i 

The main hardware needs for the-central computer may includea Fer at least one 64 or 1 28 jbit processor, 

adequate memory and disk storage, standard network and communication interfaces, upgrade flexibility and 

i 

ability to easily add new peripheral devices. Over time, as better hardware components become available, 
faster designs can be incorporated into new central computers - transparently, as the multi-tasking operating 
system will 'hide' these changes from users and their programs. 

i 

Central computer 21 and its multi-tasking operating system are configured to run existing I Existing 
application programs (either developed by the customer or purchased externally) must continu e and are 

adaptable to operate when newer computer products are purchased to keep overall costs to customers as low 

i 

as possible. The multi-tasking operating system is_thus _will b e com e a d e facto standard for many us e r s 

i 

based on anits open and non-proprietary design , and beneficially provides . It's benofito iricludo: many 
software tools and utilities, easy configuration for new hardware peripherals, virtual storage capability, and 

good networking ability. Use of industry standard I/O interfaces means customers will decide on their own 

! 

solutions for external peripheral component needs. ! 



William Harrision Zurn Page 35 



Primary dev e lopment plan goals for the central comput e r ore: j 

Utiliz e multi tasking operating system. j 
Flexible — op e n archit e cture m e ans open option s for u se rs. 

Us e 'off th e sh e lf hardwar e — no sp e cial components or d e signs. i 

I 

Using 'off the shelf hardware to build a central computer 21 has several key advantages , including 

.... i 
minimizing : it minimizes the risk of any schedule impact due to design or part delivery problems, designs 

are more likely to support enhancements and upgrades over a long period of time, and lower prices from 
using mass produced components, will improv e product app e al to customers. It e ms in this cat e gory Off- 
the-shelf components that may be employed include: CPU and memory chips, power supplies, assembly 
components, etc. j 

i 
I 

Minimizing the use of proprietary hardware designs and interfaces helps to achieve faster; design cycles and 

i 

reduces the time required to place new products into the market. This greatly assists in rhaintaining upward 
compatibility of the user's hardware components. This greatly increases the market user-friendliness of the 
road repair machine 11. : 

The Using th e multi-tasking operating system maintains a stable user software programming interface. 
Multi-tasking software also provides a very adaptable and flexible capability for adding a|ny new or 
improved hardware components with little or no impact to existing system programs. Software upward 
compatibility is preserved for customers. • 

i 

In summary, th e machin e will b e controll e d by a powerful c e ntral computer, using e xisting off the self (if 
possible) hardware and multi ta s k softwar e . Th e hardwar e will b e as op e n a s po s sibl e , allowing third party 
d e v e lopers the opportunity to d e v e lop compatibl e hardware? and increas e th e road r e pair machine's 
mark e tability. j 
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Road Surface Analyzer 



One of the most essential features of the road surface repair machine 11 is the technology required to 
analyze the roadway, airport runway, parking lot surface, etc., to be repaired for defects, jfaults, flaws, etc. 
This technology will transform and evolve with time, and the modules containing the teclinology will be 
altered accordingly. As new technology is developed, these changes will be incorporated into the latest 
revisions of modules with-in the machine U. As of now, the technology will be referredjto as the 
radar/seismic detection system 5. This technology is available at this time. ! 

The radar/seismic detection system 5_(used in the equipment in Phases II and IH phas e II j & III ), placed in 
one of the modules, is_ will b e capable of appraising all types of transportation structures/surfaces, including 
highway asphalt/concrete road surfaces (including bridges), airport runways, and parking lot surfaces. The 
purpose of these assessments is to support the determination of maintenance, preparation) requirements and 

to provide the best possible reconstruction quality examination of the surface to be repaired. 

i 

The application of the assessment technology is customized to the requirements of the distinctive repair 

undertaking. The modular design of the robotic sub-systems allows this. Depending on the varying 

i 

requirements, the radar/seismic detection module 5_can be placed in a slot in the lower lejvel of the road 

surface repair machine U or be removed quickly and efficiently. One objective of radariseismic detection 

i 

phase of the repair is to optimize the quality of subsurface condition data collected over long-established 

methods of visual appraisal. j 

I 

! 

j 

The radar/seismic detection system (module) 5 is will be capable of identifying the number and thickness of 
each layer in a multi-layer pavement arrangement. Data can be collected while the machine 4 or 11 is 
moving up to 15 miles per hour. The module 5 will det e rmine determines the number of layers that are 
identifiable, provided the proportional dialectic constant of adjacent layers is different. Ror example, tow 
lifts of asphalt or older multiple overlays may not be discernible. The radar/seismic study will make may 
provide an availabl e a uninterrupted outline of layer thickness, thereby determining consistency of the 
underlying foundation. 

Air AU air voids , po s sibly as small as . 125 inch in thickness, can be recognized using the radar/seismic 
detection system 5. Identifying these areas and repairing them in a timely manner will avoid costly broken 
slab replacement. Enhanced quality control of grouting actions with pre and post-grout examination can be 
achieved. Radar/seismic subsurface examinations can be combined with other data to more precisely 

characterize individual project remedy necessities or all-purpose treatment approaches for repair of the 

i 
j 
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roadway system. 
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Radar/seismic The radar/s e ismic system 5 may must have several data acquisition modes, including 
continuous contour profiling and point stacking, allowing the system to p ut together the optimum data 

continuity throughout the entire contour of the roadway. I 

1 
j 

Radar/seismic The radar/s e ismic system 5 also effectively identities will b e e ff e ctiv e in id e ntifying th e 
moisture induced stripping of the asphalt cement from the combined surfaces which leaves an unbound 
aggregate mixture. With the detection of these areas, output of remaining life estimates and other 
computerized mechanistic models are improved. The decision to overlay or reconstruct may also be 
affected by the presence of stripping. Other repair efforts may be designed more cost effectively whem f the 
full extent of the stripping is know n, which is provided by radar/seismic system 5 . ! 

I 

Radar/seismic system 5 is Th e machin e must b e capable of determining the condition of concrete under an 

asphalt covered surface, and can also th e radar/s e ismic d e t e ction syst e m must b e able to analyze for any 

I 

occurrences of fee debondment of the overlay under all circumstances. Further, radar/seismic system 5 
establishes Th e machine must b e abl e to e stablish the position of reinforced steel , when present and 
quantitates and e stabli s h the amount of moisture in concrete pavement. Radar/seismic system 5 is further 

! 

capable of determining Th e machin e will d e t e rmine the location and quality of delaminated concrete, the 

j 

depth of the reinforcing steel and the thickness of a bridge deck when analyzing road surfaces over bridges. 
In the cases of replacement of the reinforced steel, the radar/seismic module 5 ascertains must asc e rtain the 

correct placement of the reinforced steel rods with-in cavities. I 

i 
i 

In addition to the radar/seismic technology within this module 5, the technology to provide an alignment 
laser beam emission system to direct a reference laser beam to provide leveling information may will be 
contained within this module 5 . Multiple optical beam splitters, mounted near the vicinity of each of the 
pavement sensors/reflectors mavw ill be aligned to capture anthe orientation laser beam emitted from anthe 
alignment laser beam emitter. Sensors/reflectors 1 are Th e s e s e nsors/refl e ctors will be placed by the survey 
team during phase L as noted above . ! 

| 

Radar/seismic system may be adapted to determine at least the following circumstances : Th e machin e 

determin e s fiv e circumstanc es : 1. Moistur e moisture in the base layer^ voids Voids or l6ss of support 

i 

under joints, 3. Overlay overlay delarnination, 4 . Fin e fine crackin g, and pavement 5. Pav e m e nt aging._In 
summary, it is crucial that th e The radar/seismic technology b e abl e to provide provides an extraordinarily 
concise illustration of the roadway surface to be refurbished , and makes . Th e technology must be abl e to 



mak e a complete structural assessment of the region to be renovated. The structural assessment/ The 

j 

appraisal mu s t auth e nticate authenticates liner thickness, existence of nonappearance of voids, rebar 
positions, malformed rock/soil configurations, foundation locations, and reinforced steel locations. By 



William Harrision Zurn 



providing a With-a-comprehensive representation of the roadway to be repaired, radar/seismic module 5 
enhances the ability of the machine H will b e able to more successfully and efficiently repair the surface 
under evaluation. ! 



Modular Design of Road Repair Robotic Units 

! 

Another important feature of the present An important f e ature of this invention is the modular design of the 
robotic repair units. As noted above. ~ each module is desgined to have will be of th e same aizo the same 



dimensions ( e.g., approximately 4 feet by 6 feet by 4 fee t, although the invention is not limited to these 



dimensions ), which' permits the placement of any repair module into any slot of the lower level of the 
machine. Central computer 21 recognizes The central computer will rocogniz n the location relationship of 
each module (with respect to positioning the module over the repair area) in the machine 1 1 regardless of 
which slot in the lower level the module resides. 

i 

This feature aspee* gives the machine ii flexibility regarding altering the placement of the| repair modules in 
the machine ii_based on the changes required because of different road surface repair needs. The modules 

i 

will utilize technology that is already available, but, must be re-engineered to fit into the standard sized 

j 

module slot in the lower level of the machine 1 1 . Also, light service vehicle 4 is provided with one or more 
slots having the same dimensions as those provided in vehicle 11 . An example of a module (which is used 
in both type vehicles, as noted above) is the radar/ seismic module 5. The ^-this technology for performing 
the radar/seismic tasks exists, but this technology is must b e engineered, reduced, re-designed, etc., to fit 

into one of the module slots. j 

I 

! 

The repair modules will have include ball rollers, or similar technology that allow the repair modules to be 

precisely positioned over the areas to be repaired. This f e ature allows the module to be moved in any x or y 

position unhindered and relatively effortlessly. ' 

I 
| 

Using these standard sized modules, machines 11 with different numbers of modules can be built. Some 

j 

machines n_will be built requiring fourteen 44 slots or modules, whereas some machines jwill not need that 
many modules and will be built with six or eight 6-e^8 slots or modules. Machines 1 1 having other 
numbers of slots are also possible. A machine repairing asphalt roads may need only six 4 modules. 

! 

The upper level hoppers (e.g.. see hoppers 8 and 10 in Fig. 3 V ill also utilize a modular design, 
accommodating two to four asphalt hoppers 8_or a combination of multiple asphalt 8, concrete hoppers 10 
or debris holding hopper, this in case the road surface is a combination of asphalt/concrete material. The 
upper level will also have also may include storage tanks (also modular) for liquid material, such as liquid 
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storage tank 9 shown in Fig, 3, for such uses as applying a tack coat to vertical and horizontal surfaces - 

required during certain phases of the repair operation. ' 

i 
t 

Further, the The upper level may will also contain water tanks used for the concrete saws,' grinders and other 
equipment that require water for cleaning, cooling, etc. These upper level hoppers will have a delivery 
system, that is, conveyor belts (asphalt/cement), tubing (liquid material), allowing the transfer of 
asphalt/concrete or liquid material from the upper hopper level to the appropriate lower l'evel modules. The 
upper level may also have a hopper to hold the debris material removed from cavities unider repair. 

i 

i 

I 

I 

j 
t 
I 

i 

i 

i 

i 

i 

i 



i 

i 



I 
t 
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Asphalt Hopper 

i 
! 

A standard technique of repairing high quality surfaces for roads, airport runways, parking lots and other 
circumstanc e s surfaces , is by means of the application of mixed paving materials such as jbituminous slurry. 
The manufacture of bituminous slurry, as with virtually all paving materials, requires the mixture of several 
ingredients. The quality of the bituminous slurry or other road surface paving material is directly reliant on 

the comparative amounts of these components. < 

i 

Present-day paving systems rely on calibration procedures to approximately estimate the amounts of the 
various ingredient parts of the paving material mixture. These calibration techniques do riot provide 
response as to the quality, uniformity or formula of the paving material being produced as it is shaped. 

i 
| 

Other present-day techniques allow for an operator of the machine to regulate the uniformity of the paving 
material combination at the job site based on visual inspection of the paving material as it is combined. 
These techniques require exceedingly skilled operators to be able to judge the suitable formula of the 
mixture and make the necessary regulation. In addition, the pr e sent method r e quir e s current techniques 
require constant scrutinizing and may cause variability in the characteristic of the paving material. 

i 

One of the principal factors in the operation of the machin e s' asphalt hopper 8/asphalt delivery system is to 

I 

provide the asphalt-filling module 6 with a controlled application rate of material. Absent; finishing an entire 

! 

batch of road surface paving material, present-day techniques do not have any way of determining this 
"treatment swiftness", which is usually measured as the weight of dry material used per unit area covered. 
Contemporary techniques weigh the amount of material at the beginning of the job and after the material has 
been used for the job, the over-all supply is measured to determine the amount of asphalt material used. 
This process doesn't allow delicate regulation as to the use of the repair material during the application of a 
batch of asphalt substance. j 

Currently known techniques for R e garding th e present syst e m of road surface repair require 7 an operator is 

n e ed e d to facilitate the correct rate of application of the asphalt material by a visual visually rendering ef 

j 

the application process. Thus. The present technique provides no feedback is provided with respect to the 
application of material for the duration of the process. In contrast, the present invention includes My 
innovativ e machin e will hav e sensing devices within the hopper 8, aU along the asphalt delivery system, 
and within the asphalt-filling module 6, to provide feedback to the central computer 21 regarding the 
amount of asphalt within the total system. The machine's H delivery monitoring system |constantly checks 

the uniformity and the application rate of the asphalt paving material during application o'f the asphalt. 

! 

i 
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Th e central Central computer 21 constantly monitors the amount of asphalt material in the; hopper 8, within 
the delivery system, and within the asphalt-filling module 6_to determine when the asphalt hopper 8_is in 
need of refilling. 

Further, The central computer 21 will e stimate estimates an the amount of time remaining until the refilling 
of the hopper 8 will be required, so is n ee d e d as to allow the trucks carrying the asphalt material ample time 
to arrive at the machine ii to refill the asphalt hopper 8. In a situation where the cas e of two very dissimilar 
asphalt materials are required, the machine 11 may be fitted with two hoppers, one ef for_each type of 
material, again the flexibility of the modular structure of the machine allows this depending upon the road 
surface repair needs. 



Repair Material Conveyor 

The repair material conveyor system includes will hav e high response rate sensors along the conveyor 
delivery system to provide monitoring signals, as to the nature of the repair material (asphalt/cement), 

thereby keeping the central computer ^informed as to the temperature and amount of material on the 

S 

material conveyor. The temperature and amount of the material delivered can be changed within the limits 

of the heater/cooler and belt speed/capacity. Due to the rigorous system, the repair material 

i 

(asphalt/concrete) will be can be delivered to the filling robotic modules with the correct temperature and 
the precise amount. j 



This ability indicates that such a feedback mechanism may be made to control a combination of factors of 



the material feed operation of the road repair machine, such as, the speed of the conveyor 
the heating/cooling of the material, the amount of material released by the hoppers (aspha 



belt, control of 
t/cement), etc. 
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Asphalt and Cement Filling Modules 

! 

The asphalt and cement filling modules 6 and 18 can will b e abl e to determine the characteristics of the 
craters to be filled (based on information stored in the central computer 21 from phaoo 11 )1 distinguish cavity 
measurements, and packing levels. During Phasephase II, the analyst{s) (civil engineers j material 
scientists) will determine what materials are needed for each cavity and program the central computer 21 
accordingly. With respect to road surfaces of a combination of concrete and asphalt, the Jnachine 11 may 
will be equipped with both concrete filling module JJ_and an asphalt-filling module 6. ! 

The modules 6,18 ^411 control the dispensing of the asphalt/concrete material. Eacfr The module 6,18 -wiU 

i 

include includes a mounting device (over the cavity) to control the temperature of the asphalt or concrete 
filling material. The filler materials may be dispensed consecutively to provide dissimilar jtypes of filler 
material (by the asphalt or cement filling modules 6,18 ) if necessary (stored in different hoppers on the 
second level). For cement filling, the cement is placed in the cavity, spread out within the; cavity, leveled by 
the leveling module, and left to dry. ! 

Machine 1 1 may Th e machine will use quick drying concrete, allowing for the most time efficient repair 
process possible. The excess cement (after leveling) is left near the cavity to dry, and can will be swept 
away later, either manually or with a more complex device, a sweeping module. \ 

Regarding asphalt-filling requirements, after the module 6_directs the material, that is, thejmaterial is placed 
in the cavity, the filling module robotic filling apparatus will bo is moved away from the davity site. The 
radar/seismic module 5 (the same module used during phase II) will may contain a sensorjto determine the 
amount of asphalt material in the cavity and how the material is placed in the cavity. 

i 

The modules (filling and radar/seismic 6£) are switched until the proper amount of material is placed in the 

cavity and compacted to the optimized mass. Each time the filling module 6_directs material into the cavity, 

i 

it controls the position and dispensing plunger as well as the heating and flow of filler materiel within the 
cavity to be repaired, storing this information in the central computer 21_to be used later. Another aspect 
related to this is using a very quickly setting asphalt repair patching material. 

i 

After the cavity is filled, the filling module 6 is will b e shifted away from the cavity and trie compacting or 
rolling module 20 is will b e used to condense the material to the proper degree. To fully optimize the filling 
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i 

of the cavity, several operations amongst the filling module 6, radar/seismic module 5 arid the 
compacting/rolling module 20 may -will be necessary before the cavity is properly filled.! 

i 
j 

Digging Robotic Module j 

The digging robotic module 17 (see Fig. 4). a device similar to a backhoe, will b e is customized to fit within 

i 

the module slo t and may use : this d e vic e will us e existing technology for its operational components . 
Digging This robotic module 17 is adapted to will b e abl e to remove the debris from the cavity in which the 
repair is to take place. The debris is transported will b e transport e d to a hopper, which h'olds will hold the 
material until it can be offloaded to a truck. Digging This module 17 may - will have sensing technology to 
determine if all of the debris material has been removed from the cavity, this information! will be 
communicated to the central computer 21, indicating when the job is completed. 

Drilling/Jackhammer 

I 

The drilling/jackhammer module 15 is adapted to perform will p e rform the operations required to drill and 
& jackhammer the surface under repair. ! 

I 

Grinder Module 

i 

The grinder robotic module 1 6 is configured will b e abl e to take rough spots out of concrete surfaces within 
a short time, as well as id e al on all types of road surfaces, asphalt/concrete roads, bridges, sidewalks, and 

patios. GnnderThis module 16 functions to will clean, level and smooth bumps and uneven areas, and 

j 

remove paint spots, epoxies or any other type of material on the road surface. j 

j 

Grinder This module 16 is will b e very compact and easily adjustable for all types of cleaning, grinding and 
feathering. Like the other modules discussed, grinder module fits lt will fit within the stanclard-sized slot 
(e.g., a 4' x 6' x 4' slot} located in the lower level of the machine 11. Grinder This module 16 mav-wtti have 
sensing capability to establish whether if all of the surface material has been removed from the surface that 
is scheduled to be removed, and this information-Aviil-be ^communicated to the central computer 21, 
indicating when the job is completed. 

t 
i 

i 

Sawing Module 

I 

As noted earlier, indicated m another s e ction of this pat e nt, an important feature of this invention is the 

modular design of the repair robotic units; each module will be of the same size ( e.g., 4' by 6' by 4'). This 

! 
i 
i 

i 
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permits the placement of any repair module in any section of the lower level of the machine JJ.. This aspect 
gives the machine Inflexibility regarding altering the placement of the repair modules in the machine ii 
based on the changes required because of different road surface repair requirements. j 



The sawing modules 14 may will have several types of asphalt/concrete sawing blades. T Foran example, and 
a module I4_for a certain requirement would may contain a 14" sawing blade and a 48" sajwing blade. 
Another sawing module 14 may contain three blades, again, depending on the road surface repair 
requirements. All robotic sawing blades may will include a shaft tachometer and a cutting depth indicator. f 

i 

in addition Additionally , the robotic arms may_ will b e able to b e rotat e d for the- be rotatable, to allow each 
blade to enter a_cut at up to a 20-degree angle , for example , j 

Electric saws are preferable over would bo pr e f e rred to pneumatic saws , although pneumatic saws may be 
employed . Electric saws Th e el e ctric saw would offer the ability to saw with no fumes, arid p rovide more 
power at the blade shaft, reduced blade RPM fluctuation, and vibration, and reduced reduee-sawing noise A 
when compared with pneumatic saws of the same dimensions . With some applications, air compression 
saws would be preferred however, and the sawing modules may eeuld-be customized to accommodate this 

type of saw. j 

i 

i 

It is also preferable to use l would prefer to use turbo blades that are designed to be smooth cutting with 
advanced high-density metal bond technology and high diamond concentration. This type! of saw blade 
provides would provid e for long life and smooth cutting in the widest range of materials, which is beneficial 
for use with would be n e c e ssary for roadbeds which may contain a variety of materials, such as ef a 
combination of concrete/asphalt and reinforced steel , as already noted. A sawing module 14, configured as 
described can readily saw Th e sawing module would hav e no probl e m sawing through concrete, metal, 
asphalt, masonry, stone, iron rods, etc. Robotic Th e robotic saw module 14 may would include an audible 
warning or "prevent use" condition if a blade is mounted incorrectly, which would protect it from damage 
or destruction as well as injury to bystanders . 

i 
! 

Sawing Th e s awing module 14 may would include a water disc distributing system, which jwould make 

i 

water available evenly to the blade, ensuring maximum cutting capacity and effective cooling. The blade 

drive unit is_ would b e easily accessible for servicing; and the engagement and support rollers provided are 

j 

would b e easily removable for trouble-free replacement. i 



Robotic Rolling Module 



i 
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The machine's Ujrobotic rolling modules 20 contain a weight deflectometer for examining the deflection of 
the pavement surface under repair. The deflectometer incorporates an alignment laser beam emitter that 
measures vertical displacement of each of a group of distance sensors mounted on a horizontal sensor 
bearer within the module that changes direction or vibrates as it is transported over a road surface for 

deflection measurement. This alignment laser beam emitter works in conjunction with the sensors placed by 

i 

the survey team during Phase p hase I. This process allows measurement of the vertical displacements. The 

| 

technology for this module is already in use for other road surface repair purposes and are will b e 

j 

customized for use herein in the standard sized machine robotic modules 11. ! 

~~ I 

i 
i 

Rolling The module 20 makes available a rolling weight deflectometer, and measurement system for such a 

deflectometer, that compensates for inaccuracies in deflection. Th e modul e s will hav e se v e ral Several 

f 

versions of rolling modules 20 may be provided , some modules 20 with smaller sized rollers than others. 
For example modules having . e xample: 6 inch, 12 inch, and 18 inch rollers may be provided. Other roller 
robotic modules 20 may have will hav e larger rollers, for example: 12 inch, 24 inch, and 36 inch rollers . 
Each roller module 20 generally will have no more than three rollers. The magnitude of the road repair 
project will determine what sized rollers (modules) are inserted in the lower level slots of the machine ii, 
In some cases, the machine U_may contain two roller modules with different sized rollers. 

! 

In order to determine pavement condition for airport runways or highways, the load bearing capability of 

! 

the pavement is occasionally tested. Load bearing capability may decline in due course, ajs a result of a 
number of reasons, including alteration in the elastic moduli of sub pavement layers of the sub-surface. Sub 
pavement earth layers subside or swell, their moduli are altered and affect the stability ancl load bearing 
capability of an overlying pavement. : 

With the intention of measuring the load bearing capability of the pavement, it follows thkt making use of 
technologies that are nondestructive must be used so as the reliability of the pavement layer is preserved. In 
addition, the measurements will be made as rapidly as possible, by means of the rolling module 20, to lessen 
the repair period and further reduce expenses. 

Rolling The module 20 will provid e provides a load on the rolling device, which rolls across the pavement 

i 

and the depth of a deflection basin created by the loaded wheel is measured using precision laser sensors 
mounted on the module 20, plus, using the sensors placed by the survey team during phase I. Such 
deflection measurements provide insight into the load bearing capability of the pavement! The pavement 
deflections are usually very small, typically 0.010 to 0.040 inch for a 20,000 pound applied load. Because 
of this fact, very sensitive sensors are required to measure the deflection. \ 
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Rolling The module 20 provides a rolling weight deflectometer, plus a manipulating system that 
automatically balances for sensor bearer member bending. This rolling module 20 provides self-controlled 
member bending, for more precise measurements of pavement deflection under an applied load. 

i 

i 

In summary, this robotic rolling module uses technology that already exists, that is, the system using the 

deflectometer, which incorporates an alignment laser beam emitter that measures vertical! displacement. The 

i 

uniqueness comes from the modular design of the robotic modules, which uses the existing technology, not 
from the technique using the deflectometer which capability already exists. ! 

Crack & Joint Sealing Module \ 

i 

! 
I 

Most of the resources used in road surface construction have moisture susceptible rigidity. The rigidity of 
the surface diminishes as the moisture content of released granular materials and soils increases. Moisture 
leads to damage of asphalt concrete due to maturing, stripping, and adverse climate conditions. Water under 
Portland cement slabs can build up to very high pressures, wearing away the base and suribase materials. 
Crack and joint sealing aid to prevent such deterioration of the surface by reducing the infiltration of 

moisture from the surface into the pavement structure. i 

i 

An engineer will normally use visual methods to review the obvious condition of cracks and joints to 
determine if crack and joint sealing is suitable. Most engineers will not seal a crack until it is greater than 5 
mm wide. If the amount of deterioration d e t e riorating resultant from moisture at the joints and cracks could 
be determined, this information could help establish when crack and joint sealing is desirable to diminish 
the infiltration of moisture. 

i 
j 

The engineer typically looks for signs of weathering, raveling and the occurrence of a composition of fine 
cracks that can be sealed with the surface seal. If the presence and level of aging could be determined, the 
damage to the asphalt because of aging could be stopped or diminished. If the dilapidation of paving 
materials because of nonstandard moisture levels in the asphalt and supporting layers or fine cracking could 

be determined, the requirement to position a blockade to reduce penetration of water into; the structure could 

i 

be appraised. ! 

j 
i 
j 

The crack/joint-sealing module or tack coat module 1 9 will rec e iv e receives information |from the analysis 
conducted in Phasepfease II, and stored in the central computer 21, to repair those cracks land joints 
determined necessary by the civil engineering and maintenance personnel. By doing so, the surface seals 
will extend the life of pavements by improving the surface roughness of the pavement, bj reducing 
weathering, raveling, and decreasing the infiltration of moisture into the pavement structure. 
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Fig. 5 shows the machine 1 1 performing repair operations. The sawing modules (14) are! sawing into the 

asphalt ov er two potholes (3) simultaneously. The asphalt-filling module (6) is filling the pothole (3) below 

i 

its modul e. The modules have been moved outside of the main structure bv robotic arms! to perform these 

i 

operation s as indicated bv the double arrows. Most repair modules are at their non-operational position 
(23) and not used at the time. I 

i 

While the present i nvention has been described with reference to the specific embodiments thereof, it 

I 

should be underst ood bv those skilled in the art that various changes may be made anil equivalents mav 

be substituted wit hout departing from the true spirit and scope of the invention. In addition, many 

modifications ma v be made to adapt a particular situation, material composition of niatter, process. 

* i 
process step or steps, to the ob jective, spirit and scope of the present invention. All such modifications 

are intended to be within the scope of the claims appended hereto. j 

i 

i 

CLAIMS OF THE PATENT 

i 

Claim of the invention to provide a totally new procedure of three complex phases of the 'Surveying, 
analyzing and repairing/renovation of a combination asphalt/concrete highway road surfabe, airport runway, 
race track, parking lot, etc. i 

Claim of the invention to first provide a means of surveying of the road and placing marking/positioning 
fixtures that will be used later during the later phases of the analysis of the surface for defects and actual 
road surface repair and renovation. j 

Claim of the invention is to use these marking/positioning fixtures placed during phase oiie to guide the 

invention and it's individual repair modules to the surface areas in need of repair. ! 

i 

t 
t 

Claim of the invention to use a modular radar/seismic detection system of existing technology placed in one 
of the standard sized module slots. This detection system will be capable of appraising all types of 
transportation surfaces, including highway asphalt/concrete road surfaces (including bridges), airport 
runways, and parking lot surfaces. ! 

i 
i 

Claim of the invention is to use this analysis for the purpose of assessing the magnitude of maintenance 
required, the preparation requirements needed. ' 

i 

Claim of the invention is to input of the analysis data of the defects in the roadbed into thi central computer 

to be used during phase three to repair of the roadbed, airport runway, parking lot, etc. I 

i 

i 

! 

! 
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Claim of the invention is to provide a process to review the analysis data, gathered during! phase two, by the 
decision makers, e.g., civil engineers, material scientists, etc., as to how severe the road surface defect's are. 

i 

Claim of the invention is to have the decision-maker's analyze/ diagram the proposed solution, after this 
analysis, the information is loaded into the central computer to be used during the actual repair. 

Claim of the invention is for the decision makers to map out, that is, diagram, the regions jin need of repair, 
input these diagrams, layouts into the central computer. The central computer will guide the repair machine 
and position it's modules to the areas in need of repair. 

i 

i 

Claim of the invention is for the decision makers to determine: how deep to extract the openings, how wide 
to saw, what material to use, etc., with respect to every area/section of the surface needing repair. 

Claim of the invention of using individual robotic repair modules, placed in equal sized slots, to 
automatically saw, fill, pack, level each of the sections of road surface in need of repair. \ 

I 

Claim of the invention of having all of the robotic repair functions fitting within the samejsize slots, some 

larger modules will require two slots. The modules can be moved to different slots withiri the machine 

i 

depending of the nature of the repair needed. j 

Claim of the invention to have the complex, central computer keep track of the position of each repair 
module if it is moved to another slot within the machine. ' 

Claim of the invention, which is much more intricate, complicated than existing road repair equipment and 

i 

provides numerous multifaceted functions within one machine. 
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ABSTRACT OF THE DISCLOSURE 

Th e inv e ntion r e lat e s to a ^combination asphalt/concrete surface repair machine. The machine is a 
direction- finding, wheeled, transportable vehicle, which is a self-regulating, repair machine contraption T 
controlled by a complex central computer. The machine is capable of being attached to ind hauled by 
another faster vehicle (i.e., truck) if necessary. This machine is guided by a positioning device, which uses 

advanced radar and laser technology to place the machine above each position of the roa'd surface to be 

i 

repaired. It uses seismic or radar analyzer t e chnology to determin e road surfac e repair r e quir e ments. The 
machine uses data from the seismic or radar analysis carried out in preparation for repairing analyzer to 
repair the road surface by the use of robotic modules within the machine. This technology can also be used 
to build new roads, racetracks, airport runways, sidewalks, driveways, parking lots, etc. j jvlultiple My 
inv e ntion is a very compl e x machin e and provides multifacotod construction or repair fuiictions are 
provided within one machine. , 
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SUMMARY 



In summing up, my inv e ntion io a machin e that io capable of quickly and officiontly r e pairing many typco of 
surfac e s, from highways, airport runways, racetracks, to parking lot surfaces. Tho machi 



e is a highly 



T 

modularized, v e ry compl e x machin e , which analyzes and r e pairs surfac e imperfections in tho s e surfaces and 



sub layers. Th e robotic facilitat e d road surface repair instrument completes th e se tasks while moving over 
the surfac e b e ing r e novat e d. 



Th e objectiv e of my inv e ntion is to provide a mor e r e sourc e ful, cost eff e ctiv e , and quicker method of r e pair 
with respect to asphalt and concr e te surfaces to permit the transportation public a superior, mor e 
e conomical, safer means of travel. Later versions of this inv e ntion could some day bo uoj o d to build 
highways, airport runways, racetracks etc. j 
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